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BACKGROUND OF THE INVENTION 



[0005] This invention relates to a manual or automatic microwave tuner to be 
used mainly in hamnonic load pull testing of power transistors by being able to 
synthesize the amplitude and phase of selected impedances at each hamnonic 
frequency independently. 

[0006] Modern design of high power microwave amplifiers and oscillators, used in 
various communication systems, requires accurate knowledge of the active 
device's (microwave transistor's) characteristics. In such circuits, it is inadequate 
for the transistors operating in their highly non-linear region, close to power 
saturation, to be described using non-linear analytical or numerical models. 

[0007] A popular method for testing and characterizing such microwave 
components (transistors) in the non-linear region of operation is "load pull". Load 
pull is a measurement technique employing microwave tuners and other 
microwave test equipment. The microwave tuners are used in order to 
manipulate the microwave impedance conditions under which the Device Under 
Test (DUT, or transistor) is tested (FIG. 1 and 2). 

[0008] When transistors operate in their non-linear range at high power and close 
to saturation, signal distortion inside the transistors creates significant hannonic 
frequency signal components that reduce the efficiency and the signal 
transmission purity of the communication system. In order to improve and 
optimize the performance of such transistors under these operating conditions, 
the tuners used to test these DUT must also provide for independent control of 
the impedance at the harmonic frequencies, or "harmonic impedances". If such 
tuners are used, then the load pull system described above becomes a 
"harmonic load pull system" (FIG. 1 and 2). 
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[0009] There are essentially two methods that allow generation and manipulation 
of microwave impedances presented to the DUT: 

[0010] A. Using electro-mechanical [1] or passive electronic tuners [2], leading to 
"passive load pull" (FIG. 1); and; 

[0011] B. Active tuners, leading to "active load pull" [3], (FIG. 2). 

[0012] Electro-mechanical tuners [1] have a number of advantages compared to 
active tuners, such as long-term stability, higher handling of microwave power, 
easier operation and lower cost. Such tuners use adjustable mechanical 
obstacles (probes) inserted into the transmission media of the tuners in order to 
reflect part of the power coming out of the DUT and to create a "real" impedance 
presented to the DUT. 

[0013] Passive electronic tuners have been used in the past, but they provide 
limited tuning range and handling power and do not offer any significant benefit 
within the scope of this invention. 

[0014] Existing passive electro-mechanical tuners, as used in set-ups shown in 
FIG. 1, use a tuning mechanism, as shown in cross section in FIG. 5; in this 
configuration the capacitive coupling between the vertical probe (81) and the 
central conductor (83) of the slotted airline (slabline, 77, 78) creates a wideband 
reflection, that can be adjusted by changing the distance between the bottom of 
the probe(81) and the central conductor (83). 

[0015] The modifications of both the amplitude and phase of the reflection factors 
due to the capacitance change are wideband in nature and generate reflection 
factors at several harmonic frequencies. When the tuner is moving, the 
impedances at all harmonic frequencies change simultaneously, and since all 
harmonic reflections are generated by the same wideband RF probe In the tuner, 
there is a natural and fixed relationship between them. 
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[0016] This makes it impossible to control the impedances at the harmonic 
frequencies independently. However, independent tuning of the impedances at 
the hamionic frequencies is a key requirement of a harmonic load pull test 
system. Therefore, it is impossible to perform harmonic load pull without the use 
of frequency path separation before the tuners by means of frequency 
discriminators, such as di- or tri-plexers, which would separate the signals at the 
various harmonic frequencies of interest, before they reach the tuners. 

[0017] Active tuners (FIG. 2) are assemblies of microwave circuits and 
components that include at least one microwave amplifier, a phase shifter and a 
variable attenuator. These assemblies sample signals coming out of the DUT, 
using typically a directional coupler, and return them to the DUT after amplifying 
the signals and modifying their amplitude and phase. This generates a "virtual" 
reflection factor for the DUT. Active tuners use band-pass filters in their circuits 
and are, therefore, able to separate the various frequencies coming out of the 
DUT and thus synthesize harmonic impedances independently. Their 
disadvantage lies in much higher complexity and price than passive tuners, as 
well as power limitations and tendency for spurious oscillations. 

[0018] As mentioned before, in order to manipulate the harmonic impedances, a 
passive load pull test system needs either some kind of frequency separation, 
between the tuners and the DUT or frequency selective tuners. In the absence of 
frequency selective tuners, frequency separation is achieved by using frequency 
discriminators, like frequency diplexers or triplexers. These components must be 
connected between the DUT and the actual tuner, introducing insertion loss that 
reduces the effective reflection factor effectively presented by the tuners to the 
DUT. 

[0019] Frequency selective tuners, on the other hand, could be connected 
directly to the DUT and synthesize harmonic frequencies independently. At this 
point of time, frequency selective tuners, capable of changing the amplitude and 
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phase of reflection factors at harmonic frequencies and capable of being used in 
harmonic load pull set-ups, are not known. 

DESCRIPTION OF PRIOR ART 

[0020] At this point of time, two methods for this type of frequency separation 
testing using passive tuners are being used: Harmonic load pull using di- or 
triplexers and harmonic rejection tuners. 

[0021] A typical harmonic load pull test set-up using frequency separation by 
means of di- or tri-plexers is shown in FIG. 3 [4]. It contains a signal source (1) 
that injects an adjustable amount of RF power into the test system at a 
fundamental frequency (fo). The source is connected to the input port of the test 
set-up, which includes a first harmonic tuning block (2). This block (2) typically 
contains up to three automatic tuners (4, 5 and 7) and a frequency tri-plexer (6). 
A di-plexer combined with only two tuners for controlling only two frequencies 
can also be used in a simplified version of the set-up. The output of the tri-plexer 
(6) is connected to the input port of the DUT (8). 

[0022] The output port of the DUT (8) is connected to the input port of the output 
harmonic tuning block (3). Again this block (3) contains up to three automatic 
tuners (9, 10 and 13) and a tri-plexer (12). After passing through tuner (10), the 
signal reaches the load of the set-up (11), which is typically the sensor of a 
microwave power meter. In this set-up, tuner (4) at the input side and tuner (10) 
at the output side are operating at the fundamental frequency (fo), whereas 
tuners (5) and (7) at the input side and tuners (13) and (9) at the output side are 
operating at the harmonic frequencies, which are typically 2fo and 3fo, but can 
also be higher harmonics, like 4fo. 5fo, etc. By manipulating the tuners in this set- 
up, the harmonic impedances can be adjusted separately from each other and 
the DUT can be characterized as a function of those inipedances. This optimizes 
the DUT's performance for a specific amplifier design. 
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[0023] The main advantage of the test set«up in FIG. 3 is the fact that the 
frequency discriminator (di- or tri-plexer) effectively separates the frequency 
bands at the harmonic frequencies from each other and allows independent 
tuning of the harmonic impedances. The use of nomial slide-screw tuners for all 
harmonics allows manipulation of both the amplitude and the phase of the 
reflection factors presented to the DUT. The main disadvantage of this set-up is 
that the frequency discriminator introduces transmission loss in the signal path 
before and after the DUT and thus reduces the effective reflection factor 
available at the DUT. Another practical disadvantage of this set-up is the difficulty 
in manufacturing good tri-plexers at the various frequency bands required by 
many applications. 

[0024] A typical harmonic load pull test system using harmonic rejection tuners is 
shown in FIG. 4 [5]. The system contains a signal source (14) that injects an RF 
signal at the fundamental frequency (fo) into the input port of the test set-up. The 
test set-up contains an input harmonic tuning block (15), an output harmonic 
tuning block (18), a DUT (22) and a load (21), which is typically the sensor or an 
RF power meter. Each of the harmonic tuning blocks, (15) and (18), comprises 
one wideband tuner, (16) and (20) respectively, and one harmonic rejection 
tuner, (17) and (19) respectively. The wideband tuners serve to manipulate the 
reflection factors at the fundamental frequency (fo). Whereas the harmonic 
rejection tuners (17) and (19) serve to manipulate the reflection factors at the 
harmonic frequencies, typically 2fo and 3fo, or higher, like 5fo, 7fo, etc. The 
harmonic rejection tuners [5] reflect all of the RF power at the harmonic 
frequencies (2fo, 3fo, etc.) back into the DUT (22). Therefore, there is practically 
no RF power at the harmonic frequencies left to reach the wideband tuners, (16) 
and (20) and create a measurable reflection factor at the harmonic frequencies. 

[0025] The advantages of this set-up is that it is simpler to assemble and 
calibrate than the set-up of FIG. 3, and does not include lossy components 
between the tuners, (16) and (20), and the DUT (22), thus allowing for a 
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maximum reflection factor to be presented to the DUT, The disadvantage of the 
set-up is that the harmonic rejection tuners used allow for control of the phase 
but not the amplitude of the reflection factor at the harmonic frequencies. Even 
though this amplitude control of the reflection factor can be passed by for most 
practical tests, some users prefer to have this capability, which is possible using 
the set-up described in FIG. 3. 

[0026] Existing electro-mechanical tuners are slide-screw tuners and use 
basically the same form of RF probes (slugs). FIG. 5 shows the cross section of 
the tuning area of a wideband, slide-screw tuner. The probe (81) moves inside a 
slotted airline or parallel-plate airline (slabline) (77, 78) in the middle of which is 
the center conductor (83). When the probe (81) moves closer to the central 
conductor (83), a variable, controllable, capacitive load is created in the air-gap 
(82). This change in capacitance permits to control the amplitude of the 
microwave reflection factor seen at the input port of the tuner (32) in FIG. 8. 

[0027] When moving the probe parallel to the axis of the airline, the phase of the 
reflection factor is modified and thus any impedance on the Smith Chart can be 
reached. The reflection factor generated by this form of RF probe (slug) is 
wideband, covering more than 1 octave and typically two to three octaves. 
Consequently, reflection factors at harmonic frequencies, which by definition are 
separated by one octave (f2 : f1 = 2) , cannot be controlled independently. 

[0028] Existing Harmonic Rejection tuners [5] also use a slide screw mechanism 
for controlling the phase of the reflection factor (FIG. 6). The RF probes are open 
stabs (85) and move along the slabline in permanent galvanic contact with the 
central conductor (87). The length (92) of the RF probes is adjusted to be one- 
quarter wavelength of the harmonic frequency, which they aim to reject, in order 
to transform the open end of the stab into a short circuit at its base (86), which is 
the point of contact with the central conductor. This type of tuner creates a 
reflection factor close to 1 (total reflection) at the resonance frequency, and 
allows the control of only the phase of the reflection factor, but not its amplitude. 
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[0029] In order to combine the frequency separation capability of harmonic 
rejection tuners (FIG. 4, 6) with the control of amplitude and phase of the 
frequency tri-plexer set-up (FIG. 3), we propose a new tuner structure, which we 
call "frequency selective tuner", that allows frequency selective reflection of 
microwave signals with the possibility to adjust both the amplitude and phase of 
the reflection factors, and can be connected directly on the output or input ports 
of the DUT, thus avoiding lossy interconnections. 



BRIEF SUMMARY OF THE INVENTION 

[0030] This invention concerns a new type of electro-mechanical tuner, the 
"frequency selective load pull tuner". This new tuner type has the capability to 
reflect RF power transmitted through a transmission airline at three frequencies 
selectively and independently, and allows adjustment of the amplitude and phase 
of the reflected power. This creates variable impedances at harmonic 
frequencies, in order to present them to a DUT to be tested under high power 
(nonlinear) conditions. 

[0031] A complete frequency selective load pull tuner, including sections for all 
three harmonic frequencies (fo and typically, but not exclusively, 2fo and 3fo) is 
shown in FIG. 11. The resonators (104, 105, 106) of the frequency selective 
tuner can be adjusted to reflect any frequency within the limits of the technology 
proposed, but for harmonic load pull the first three harmonic frequencies are 
typically the most important ones. 

[0032] The frequency selective tuners can be used to configure a harmonic load 
pull test set-up as shown in FIG. 12. This set-up includes a signal source (95) 
that injects a single frequency signal into the test set-up via the input frequency 
selective tuner (96). This can be used to adjust amplitude and phase of the 
reflection factor seen by the DUT at its test port at the three harmonic 
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frequencies fo, 2fo and 3fo, independently from each other. The signal is then fed 
Into the input port of the DUT (98) and then from the output port of the DUT into 
the output frequency selective tuner (97). This tuner can manipulate the 
amplitude and phase of the hamionic reflection factors (Impedances) seen by the 
DUT at its output port, the same way, as does the Input tuner (96). The signal is 
then fed through a (optional) band pass filter (133) into a microwave load (99), 
which is typically the sensor of a microwave power meter. In this set-up (FIG. 
12), the frequency selective tuners (96) and (97) replace the whole frequency 
discrimination and tuning sections (2) and (3) of the prior art set-up in FIG. 3. 

[0033] The use of a band-pass, or low-pass filter (133) in front of the power 
sensor of the microwave load (99) Is recommended in order to avoid 
measurement errors, due to detection of harmonic components In the output 
signal. This band-pass filter is not required in both prior art set-ups of FIG. 3 and 
FIG. 4, because In those set-ups the harmonic frequency components are filtered 
out either by the triplexer or by the harmonic rejection tuners. A low-pass or 
band-pass filter Is easy to manufacture using standard techniques and readily 
available for frequency ranges. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0034] The invention and its mode of operation will be more clearly understood 
from the following detailed description when read with the appended drawings in 
which: 

[0035] FIG. 1 depicts Prior Art, a load pull test set-up using passive electro- 
mechanical tuners 

[0036] FIG. 2 depicts Prior Art, a load pull test set-up using active tuners (only 
output section is shown, the input section is symmetrical) 
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[0037] FIG. 3 depicts Prior Art, a harmonic load pull set-up using passive tuners 
and frequency discriminators (di- or tri-plexers) 

[0038] FIG. 4 depicts Prior Art, a harmonic load pull set-up using passive 
wideband and harmonic rejection tuners 

[0039] FIG. 5 depicts Prior Art, a cross section of the RF probe of a wideband 
slide screw tuner, as used in load pull set-ups 

[0040] FIG. 6 depicts Prior Art, a cross section of the RF probe of a harmonic 
rejection tuner, as used in harmonic load pull set-ups 

[0041] FIG. 7 depicts a cross section of the microwave probe of a frequency 
selective load pull tuner 

[0042] FIG. 8 depicts a front view of the horizontal movement mechanism of a 
frequency selective load pull tuner (prior art) 

[0043] FIG. 9 depicts a side view of the horizontal movement mechanism of a 
frequency selective tuner (prior art) 

[0044] FIG. 10 depicts a cross section of the vertical movement mechanism of 
the RF probe of the frequency selective tuner. 

[0045] FIG. 11 depicts a front view of the frequency selective tuner, configured 
for three harmonic frequencies. 

[0046] FIG. 12 depicts a schematic harmonic load pull test set-up configured 
using two frequency selective tuners. 

[0047] FIG. 13 depicts the frequency response of the reflection factor (S22) of a 
three-resonator frequency selective tuner with all probes set to maximum 
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coupling (lowest position in the resonant cavity, closest to the central conductor 
of the slabline). 

[0048] FIG. 14 depicts the frequency response of the reflection factor (S22) of a 
three-resonator frequency selective tuner with the probe adjusted to the 
fundamental frequency fo (1.8000 GHz) lifted for minimum coupling and two 
probes (2fo and 3fo) set to maximum coupling. 

[0049] FIG. 15 depicts the frequency response of the reflection factor (S22) of a 
three-resonator frequency selective tuner with the probe adjusted to the second 
harmonic frequency 2fo (3.6000 GHz) lifted for minimum coupling and two 
probes (fo and Sfo) set to maximum coupling. 

[0050] FIG. 16 depicts the calibration points of a three resonator frequency 
selective tuner at the third harmonic frequency of 5.2000 GHz. Horizontal 
movement of the resonator probe creates concentric circles, whereas the radius 
of the circles increases when approaching the probe to the central conductor of 
the slabline (FIGS. 7 and 10). 

[0051] FIG. 17 depicts a perspective view of the core part of one section of the 
frequency selective tuner, showing the resonant cavity (23, FIG. 7), the resonator 
stab (115, FIG. 10), the vertical translation mechanism (51, 48, 50, FIG. 10) an 
the base of the resonator itself (58, FIG. 10), close to the. central conductor (60, 
FIG. 10) of the slabline. 

[0052] FIG. 18 depicts a perspective view of the three-resonator frequency 
selective tuner, shown also schematically in FIG. 11. The three separate tuning 
sections (104, 105, 106. FIG. 11) including resonator cavity, vertical and 
horizontal motors and horizontal drive screw are visible. 
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[0053] FIG. 19 depicts prior art, a typical set-up used to calibrate 
electromechanical microwave tuners employing a control computer and a 
calibrated vector network analyzer. 



DETAILED DESCRIPTION OF THE INVENTION 

[0054] We propose an electro-mechanical microwave load pull tuner as shown 
schematically in FIG. 9 (side view) and 1 1 (front view), which comprises a slotted 
transmission airline (101) with a test port (100) and an idle port (1 14). The airline 
is mounted inside an enclosure (102, 107, 113), which also holds two lateral 
guides (73, 69, FIG. 9) and a translation mechanism (64, 66, 71), in the form of a 
horizontal screw (108, FIG. 11). The horizontal screw (108) is driven by a stepper 
motor (67, 103), which Is fixed on the base (61, 102) of the tuner. The screw 
(108) and the guides (73, 69) carry a mobile carriage (70) that can be moved 
over the whole length of any of the three sections of the tuner (1 07-1 11, 111-112 
and 112-113). Vertical walls (111, 112) separate the different sections of the 
tuner. The mobile carriage (70) carries an electrical stepper motor (72, 109), 
which employs a translation mechanism (51, FIG. 10) in order to move the 
resonator assembly (48, 56, 115, 58, FIG. 10) in vertical direction (52). 

[0055] The carriage (70) of the tuner shown in FIG. 9 also carries, beyond the 
stepper motor (72), the adjustable resonant probe assembly (74, 75). This probe 
assembly (FIG. 7) consists of a cylindrical outside ground wall (57), inside of 
which there is the resonant probe itself comprising a base (58), a straight vertical 
stab (115) and a dielectric ring washer (56); the dielectric washer (56) supports 
the resonator stab (115) and base (58) as it is pulled up and down (24, FIG. 7) by 
the vertical motor drive (51 , FIG. 10). 

[0056] The core of the frequency selective load pull tuner is the mobile resonant 
cavity (FIG. 10). The resonant cavity consists of a vertical member (115), which 
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has a base (58) capacitively coupled with the central conductor (60) of the 
slabline (76, 62) and is held at its top end with a dielectric cylinder (48). This 
dielectric joint (48) does not affect the resonant properties of the stab (115) and 
allows the vertical screw (51) to raise and lower the resonator via the electric 
stepper motor (50). By changing the distance between the base (58) and the 
central conductor (60) the capacitive coupling between the resonator (58, 115) 
and the central conductor (60) changes and so does the amplitude of the 
reflection factor of the tuner. 

[0057] As in prior art (FIG. 8), the carriage (33) can move horizontally (36) and 
carry with it the resonator assembly of FIG. 10. The horizontal displacement of 
the resonant probe controls the phase of the reflection factor and its vertical 
displacement controls the amplitude of the reflection factor. 

[0058] Both such displacements are performed using electric motors (103, 109 in 
FIG. 11). In fact, the preferred embodiment of this apparatus employs electrical 
stepper motors, because this type of motor allows accurate positioning and is 
compatible with digital electronic/software control. FIGS. 9 and 1 1 show side and 
front views of the horizontal movement mechanism and FIG. 10 shows a cross 
section of the vertical mechanism and the resonator assembly. Part of these 
basic mechanisms also corresponds to prior art. 

[0059] The resonant probe slides along the slotted airline as shown in FIGS. 7, 
10, and 11 in such a way as to establish reliable and continuous RF ground 
contact between the top of the slabline (76, 62, FIG. 7) and the outside wall (57) 
of the resonant cavity (23) during the horizontal movement of the carriage. 

[0060] A complete frequency selective load pull tuner may contain several 
carriages and resonator assembly modules (FIG. 11). This particular 
embodiment consists of three such modules. Each module is identical in 
structure and includes its own carriage (104), horizontal (103) and vertical (109) 
motors, as well as its own horizontal (108) and vertical (110) resonant cavities 
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and translation mechanism. Each module is adjusted at a different resonance 
frequency. 

[0061] The resonant cavities create a selective reflection as a function of 
frequency. The basic resonance used for this application is that of an open stab 
of one-quarter lambda length at the corresponding (fundamental or harmonic) 
frequency. At this frequency, the open circuit at the end of the resonant stab 
(115, FIG. 7) is transformed into a short circuit at the bottom of the stab where it 
joins the base (58). The capacitive coupling between the base (58) and the 
central conductor (60) then couples part of the short circuit to the central 
conductor (60) and attenuates the signal flow through the slabline. 

[0062] FIGS. 13 to 15 show typical frequency response of the reflection factor S22 
of a three-resonator tuner. The reflection factors shown in FIGS. 13 to 15 are 
marked in Decibel (dB) relative to 1.0, which corresponds to 0 dB. The relation 
between the two numbers is 

[0063] S22 (dB) = 20 • LOG (S22). 

[0064] For example, a reflection factor S22 of 0.5 corresponds to -6.021 dB. On 
the other hand converting logarithmic values to linear follows the formula 

[0065]S22= 10^2^"*^^'^° 

[0066] or a reflection factor S22 of -19.115 dB corresponds to a linear value of 
0.1107. 

[0067] The overall behavior of the frequency selective tuner of FIG. 11, when all 
resonators are driven closest to the central conductor for maximum coupling to 
highest reflection factor, is shown in FIG. 13. Markers 1 to 3 mark the selected 
frequencies. Marker 1 (116) corresponds to the fundamental frequency fo 
(1.8000 GHz), marker 2 (117) to the second harmonic 2fo (3.6000 GHz) and 
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marker 3 (118) to the third harmonic 3fo (5.4000 GHz). It can be seen that the 
response of the tuner's reflection factor (or S22, as measured by the network 
analyzer) is, in all three cases high, varying between -0.429 dB and -0.813 dB, 
which is the required performance for a load pull tuner. 

[0068] By changing the distance between the base (58) and the central conductor 
(60) (FIG. 7), we mainly change the effect of the short circuit on the signal flow, 
but we also change slightly the resonance frequency. This can be seen on FIG. 
14. FIG. 14 shows the reflection factor of the frequency selective tuner of FIG. 1 1 
at the DUT-close port (test port). FIG. 14 contains two traces: trace (120) 
corresponds to a condition where all resonators are closest to the central 
conductor (=maximum reflection, same as FIG. 13), whereas trace (119) 
corresponds to a condition where the resonator at the fundamental frequency fo 
(marker 1, 1.800 GHz) is withdrawn. In this case two things happen: 

[0069] 1) The reflection factor at this frequency (1.8000 GHz) becomes minimum 
(value at marker 1 =-18.389 dB) and 2) the resonance frequency, corresponding 
to the local peak of the trace (119), shifts to slightly higher values (right of the 
arrow pointing to the maximum of the trace (120). This happens because the 
reduced capacitive coupling with the central conductor in effect reduces slightly 
the effective electrical length of the resonator stab and thus increases its 
resonance frequency. 

[0070] FIG. 14 also shows another very important behavior of this tuner: Markers 
2 and 3 do not change between the two traces (119, 120), which means in fact 
that we can change the amplitude of the reflection factor at the fundamental 
frequency fo (marker 1 or 1.8000 GHz) without any measurable effect on the 
reflection factors at 2fo (marker 2 or 3.6000 GHz) and 3fo (marker 3 or 5.4000 
GHz), which fulfills the basic requirement of this type of harmonic load pull 
testing. 



16 



[0071] FIG. 15 shows the behavior of this type of tuner when we withdraw the 
second (2fo) and the third (3fo) resonators, adjusted to reflect the second 
harmonic 2fo (marker 2 set to 3.6000 GHz) and third harmonic 3fo (marker 3 set 
to 5.4000 GHz) frequencies. Whereas trace (124) corresponds to the reflection 
factor (S22) when all resonators are set to maximum reflection (same as trace 
120 in FIG. 14), trace (126) corresponds to the situation where resonators 2 
(2fo=3.6000 GHz) and 3 (3fo=5.4000 GHz) are withdrawn and create minimum 
reflection. Comparing points (124) and (126) on one side and (125) and (127) on 
the other side shows that we obtain a dynamic tuning capability of the order of 20 
dB; the dynamic tuning capability of a tuner is defined as the maximum to the 
minimum value of reflection factor generated. 

[0072] Most important, FIG. 15 shows that, whereas the reflection factor at the 
fundamental frequency (fo) remains practically constant (point (123)), by 
withdrawing the 2fo and 3fo resonators, the reflection factor at 2fo (points (124, 

126) ) (at 3.6000 GHz) can be changed in amplitude between a maximum of - 
0.813 dB (point (117) in FIG. 13) and a minimum of-19.115dB (point (126) in 
FIG. 15), and the value of the reflection factor at 3fo (5.4000 GHz) (points (125, 

127) change by close to 28dB (minimum value = -28.381 dB and maximum value 
-1.098 dB, point (118) in FIG.13. 

[0073] The results shown in FIGS. 13-16 demonstrate that the apparatus 
described in this document is a microwave tuning device, which is capable of 
generating independently controllable reflection factors both in amplitude and 
phase at three different frequencies, which can be selected to be three harmonic 
frequencies (fo, 2fo and 3fo) or alternatively, any other frequency in the range of 
the resonators made using the presented technology. 

[0074] FIG. 16 depicts calibration points of a frequency selective tuner. The 
points marked on the. Smith Chart correspond to reflection factors measured for 
different horizontal and vertical positions of the resonant probe. As the probe 
moves closer to the center conductor, the radius of the circles increases and as 
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the probe moves horizontally, the calibration points move on a concentric circle, 
thus reaching any impedance on the Smith Chart, within the tuning range. 

[0075] In order to make the described tuner useful for load pull or noise 
measurements, it has to be pre-characterized on a calibrated vector network 
analyzer (VNA) and saved on hard disk for later use (FIG. 19). 

[0076] In the set-up of FIG. 19, used to calibrate the tuner, a control computer 
sends digital control signals to the motor control electronics of the tuner and sets 
its probes at certain pre-calculated positions. Once the probes are settled the 
control computer triggers readings of two-port S-parameters from the calibrated 
vector network analyzer (VNA). The data read from the VNA is then saved in a 
data file (calibration file) on the storage media of the control computer (hard- 
disk). 

[0077] The calibration of the tuner has to be done for a great number of probe 
positions, in order to effectively cover the total area of the Smith Chart. For 
instance, if we want to cover every 5 degrees of phase and 0 to 1.0 in amplitude 
in 0.1 increments, we need at least 180 combinations of horizontal and vertical 
positions for each of the three probes. For the combination of all probes we need 
then 180 X 180 X 180 = 5,832.000 positions. Considering the data transfer time 
and the motor movement time, such a procedure is unrealistic. 

[0078] We therefore propose a new calibration technique for this type of tuner. 
Using the same set-up as in FIG. 19 the following algorithm is used: 

[0079] All probes are set to their initial positions, closest to the separation walls 
(107, 111, 112. FIG. 11) of the tuner. 

[0080] The S-parameters of the tuner two-port are measured for the three 
harmonic frequencies of operation (fo. 2fo and 3fo) of the tuner and saved in a 
data file, named SO. 



18 



[0081] Then, while probes 2 and 3 rest at their initial position, probe 1 is moved to 
a pre-selected number of horizontal and vertical positions (in our example 180), 
in order to cover efficiently the total area of the Smith Chart at the fundamental 
frequency (fo). Each time the S-parameters are measured for the three harmonic 
frequencies, as previously, and saved jn a second data file, named SI. File SI is, 
in the case of our example, 180 times larger than file SO (it includes data for 180 
probe 1 positions). 

[0082] Then probe 1 is returned to its initial position and probe 2 is moved to 180 
combinations of horizontal and vertical positions, calculated in advance in order 
to cover efficiently the Smith Chart at 2fo. Each time the S-parameters are 
measured at the three harmonic frequencies, as before and saved in a third data 
file, named S2. This file has the same size as SI. 

[0083] Then probe 2 is returned to its initial position and probe 3 is moved to 180 
combinations of horizontal and vertical positions, calculated in advance in order 
to cover efficiently the Smith Chart at 3fo. Each time the S-parameters are 
measured at the three harmonic frequencies, as before and saved in a third data 
file, named S3. This file has the same size as SI and S2. 

[0084] The data stored in files SI, S2 and S3 are processed in memory of the 
control computer to generate the final tuner calibration files. This data processing 
consists of cascading, for each frequency point fo, 2fo and 3fo and for each 
probe 1 position, the S-parameters of files S2 and S3 with the inverse S- 
parameters of file SO at all three harmonic frequencies fo, 2fo and 3fo and all 
corresponding probe 2 and probe 3 positions and replace the original data in files 
S2, and S3 with the new modified data. 

[0085] This calibration algorithm requires measuring S-parameters of the tuner at 
a total of 3 X 180 + 1 = 541 probe positions (instead of 5,832.000), a task that 
can easily be accomplished in a fraction of one hour. Since all subsequent data 
manipulations and cascading of S-parameters saved in files SO - S3 are 
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executed in the computer memory with virtually no time delay, this calibration 
method is very efficient. 



20 



